Previous studies in this laboratory have shown that some patients with chronic alcoholism and Laennec's cirrhosis at rest in the supine position have a high cardiac output and low peripheral vascular resistance (1) . The cardiac output in such subjects is increased out of proportion to the oxygen consumption, i.e., the arteriovenous oxygen difference is unusually small.
The present study of the hemodynamic response to exercise in patients with Laennec's cirrhosis was carried out to assess the cardiac reserve, and to determine whether individuals with elevated cardiac output and lowered peripheral vascular resistance at rest are capable of further decrease in peripheral resistance during exercise.
MATERIAL AND METHODS
Eleven, patients with advanced Laennec's cirrhosis were studied on seventeen separate occasions at rest and during exercise. The patients were selected on the basis of availability and consent, and absence of clinical, radiographic, and radioscopic evidence of coexisting organic disease of the heart or lungs. All gave a history of excessive intake of alcohol of long duration, associated with irregular eating habits. The diagnosis of cirrhosis was made on the basis of history, hepatomegaly, associated secondary signs such as spider angiomata, palmar erythema, decreased axillary and pubic hair, evidence of portal hypertension and laboratory evidence of hepatic dysfunction. In one patient (Case No. 23) the diagnosis was confirmed by needle biopsy of the liver, and in two others (Cases No. 21 and No. 38) at postmortem examination. Of the eleven patients studied, eight had overt ascites and/or edema at the time of the first study, while three showed no evidence of fluid retention. About half -f the patients were mildly to moderately anemic. In no instance was there evidence of recent bleeding. 1 Aided by a grant from the Massachusetts Heart Association.
2This work was done in part during the tenure of a Research Fellowship of the American Heart Association. None of the patients showed clinical evidence of thiamine deficiency. Three patients (Nos. 21, 28, and 31) had been taking thiamine for several weeks prior to study. Some of the clinical characteristics are presented in Table I .
The patients were studied in the early morning, in the postabsorptive state, in recumbency and without sedation. The cardiac output was determined by the dye injection method of Hamilton and co-workers (2) with minor modifications as reported previously (1) . The '0") The response to exercise It was our aim to reach a level of exercise which would result in a two to three-fold increase of the oxygen consumption. While this was accomplished in most patients, others were too weak or were insufficiently motivated to pedal at the necessary pace and reached only about one and one-half times the resting oxygen consumption.
In nine of the eleven patients studied the cardiac output definitely increased during each period of exercise. In these nine patients the increases expressed as increment of blood flow per each 100 cc. of increase in oxygen consumption ranged from 451 cc. per 100 cc. 02 to 3833 cc.
per 100 cc. 02, with a mean of 1388 cc. per 100 cc. 02 In two patients different responses to exercise were observed. Patient No. 28 showed a very striking increase in blood flow during exercise when first studied, with edema and some ascites, but upon reexamination three months later, when he had returned to work and showed no evidence of fluid retention, he failed to increase his cardiac output during exercise (No. 28B). At both times the level of the resting oxygen consumption and its increment during exercise were comparable. However, the resting cardiac output and stroke volume, which had been only slightly elevated at the time of the first study, were quite high during the second study. Four months later the patient was still jaundiced but had become much more anemic; he was still working steadily. His resting output again was high, but notwithstanding the more marked anemia, the cardiac output at rest was slightly lower than during the second examination. Upon moderate exercise a higher oxygen consumption was reached than previously, and the cardiac output rose from 13 After the exercise period, each subject was carefully questioned concerning possible symptoms. Although four patients had told of shortness of breath on exertion prior to hospitalization (patients Nos. 21, 29, 33 and 36 A, B, and C), none felt short of breath after the exercise in the laboratory. The exercise was generally considered at least as heavy as walking, and on five occasions the subject felt quite fatigued (patients Nos. 26A, 29, 30, 31, and 36A).
DISCUSSION
The studies carried out during the resting state confirm our previous hemodynamic observations in patients with Laennec's cirrhosis (1) . The cardiac output in certain subjects tends to be increased without a corresponding increase in oxygen consumption, resulting in a narrowing of the arteriovenous oxygen difference. Again, elevation of the resting cardiac output was associated with a lowering of the peripheral' vascular resistance.
These findings may be interpreted as indicative of peripheral vascular dilatation analogous to multiple arteriovenous shunts in parallel. The site of the presumed vasodilatation remains in question, although clinical evidence favors the skin (cutaneous spider angiomata, palmar erythema, warm hands, clubbing of fingers), and the finding of decreased hepatic and splanchnic blood flow in Laennec's cirrhosis (7) would tend to eliminate the splanchnic vascular bed. Indeed, plethysmographic evidence of increased cutaneous blood flow in patients with hepatic disease has been reported (8) .
Exercise in healthy subjects is accompanied by an increase in cardiac output and a decrease in peripheral vascular resistance, attributed to vasodilatation and opening of new channels of perfusion in the vascular bed of skeletal muscles.
In a group comprising six ambulatory convalescent patients without disease of the heart, lungs or liver and three healthy subjects (6), studied as outlined above, the mean increase in cardiac output during exercise was found to be 505 cc. per 100 cc. 02 consumed, with a standard deviation of 397 cc. Dexter and associates (4) studied a group of healthy untrained individuals by means of cardiac catheterization and in seven studies with comparable exercise found a mean increment of blood flow of 537 cc. per 100 cc. 02, + 356 cc.
(S.D.).6
It may be more pertinent to compare the present group of patients to a group of alcohol addicts without evidence of cirrhosis. Ten alcohol addicts, whose mean age was three years below that of the present group of patients, studied in comparable manner, showed a mean resting cardiac index of 3.36 L. per Min. per M2; during exercise the mean increase in' blood flow was 703 cc. per 100 cc. increase in oxygen consumption, with a standard deviation of 107 cc. (9) . With the exception of studies No. 23 and No. 28B, the increase of the cardiac output of cirrhotic patients during exercise was as great as or greater than that of comparable alcohol addicts without cirrhosis. The cirrhotic patients during exercise showed a mean change in cardiac output of + 1318 cc. per 100 cc. increase in oxygen consumption, with a standard deviation of 1300 cc.
The greater mean increase in blood flow in the exercising cirrhotic subjects, as compared to other subjects studied in this laboratory, is difficult to evaluate in view of the greater variability of response in the cirrhotic group. Considerable variation in the response of normal subjects to exercise has been reported from other laboratories (10, 11) . Nevertheless, the present data suggest that in cirrhosis the cardiac output during exercise, as well as the cardiac output at rest, may be unusually high.
The failure of patient No. 28 to respond to exercise by an increase in cardiac output at the time of the second study (No. 28B) may well be related to the high level of his resting blood flow. At rest his calculated arteriovenous oxygen difference was small, while during mild exercise it fell within normal range. Thus in proportion to the oxygen consumption, blood flow remained normal. Since the mean arterial pressure rose during exercise, left ventricular work against pressure actually increased. In a third study (No. 28C), the same patient during more strenuous exercise exhibited an adequate increase in cardiac output. Thus it appears unlikely that cardiac reserve was limited at the time of the second study. Patient No. 23 performed only very mild exercise. Inasmuch as his resting blood flow also was elevated, his calculated arteriovenous oxygen difference was normal during exercise despite his failure to increase blood flow.
A situation similar to that encountered in patients 23 and 28B has been observed in patients with anxiety studied at rest and during mild exercise (6, 12) . When anxiety was accompanied by a high resting blood flow cardiac output during subsequent exercise at times failed to increase further, or even fell below the resting level.
It is of interest that tense abdominal ascites, present in subjects 26A, 26B, and 36C, did not prevent a moderate rise in blood flow during exercise.
On the whole the response of the present series of patients with chronic alcoholism and Laennec's cirrhosis to mild and moderate exercise may be considered within normal limits. In general our patients were able to increase cardiac output and were capable of further vasodilatation or perfusion of additional vascular channels during exercise. The tendency of blood flow to be increased out of proportion to oxygen consumption at rest tended to persist or even increase during exercise.
Under the conditions of study, the present patients were able to meet an increased demand for oxygen by increasing cardiac output and showed no evidence of a decrease in cardiac reserve. Thus, although the incidence of "high output state" was high, there was no evidence of "high output failure," as has been described in beriberi heart disease (13) (14) (15) . However, the hemodynamic response of such patients to maximal exercise, and the end-diastolic ventricular pressure during exercise remain unknown.
SUMMARY
Cardiac output, direct arterial pressure, and oxygen consumption were measured in eleven patients with Laennec's cirrhosis on seventeen separate occasions at rest and during mild to moderate exercise in the supine position.
At rest, the cardiac output was often high and associated with a low peripheral vascular resistance. During exercise the cardiac output increased and peripheral resistance decreased in all but two instances. The increase in blood flow generally was at least of the order of that seen in normal individuals during comparable exercise and often was quite large.
